Since the classic experiments by Tigerstedt and Bergman that established the role of renin in hypertension a century ago, aggressive efforts have been launched to effectively block the reninangiotensin system (RAS). Blockade of RAS is advocated at multiple levels by direct renin inhibitor, angiotensin-converting enzyme inhibitor and/or angiotensin II type 1 receptor blocker, or aldosterone inhibitor (spironolactone), and has now become part of the standard of care to control hypertension and related metabolic diseases including diabetes. However, recent lessons learned from randomized clinical trials question the wisdom of blocking RAS at multiple levels. In this context, it is highly pertinent that components of RAS are evolutionarily conserved, and novel physiological/adaptive/protective roles for renin and angiotensin-converting enzyme are currently emerging. Angiotensin II, the classical RAS effector peptide responsible for hypertension, hypertrophy, fluid retention and fibrosis, manifests its cardiovascular protective effect when it activates the angiotensin II type 2 receptor. Additionally, angiotensin-converting enzyme 2 and the angiotensin II metabolite Ang-(1-7) that acts through the Mas proto-oncogene constitute the cardiovascular and renal protective branch of RAS. It is conceivable that modulating this vasodilative/anti-inflammatory branch of RAS by activation of the RAS components that constitute this branch may offer a safer long-term treatment strategy to balance RAS activity and achieve homeostasis compared to chronic multilevel RAS inhibition.
Introduction
In our society ravaged by the chronic ill health resulting from overnutrition and metabolic syndrome (MetS), the renin-angiotensin system (RAS) indeed is infamous since it serves as a link between obesity and low-grade systemic inflammation [1] [2] [3] [4] [5] . Chronic activation of RAS underlies a plethora of metabolic diseases such as hypertension, insulin resistance, cardiac and renal diseases, and polycystic ovarian syndrome. The simple view of RAS is that the aspartyl protease renin serves as the rate-limiting step in the RAS biochemical pathway where the serpin family member angiotensinogen (AGT), an ␣ 2-globulin, is cleaved by renin to split off the biologically inactive N-terminal decapeptide angiotensin I (Ang I), which is then cleaved by the dipeptidase angiotensin-converting enzyme (ACE) to produce the biologically active octapeptide angiotensin II (Ang II). Ang II would then bind to the Ang II type 1 receptor (AT1R) and induce signaling pathways that promote muscle constriction, salt and water retention, fibrosis, hypertrophy, and hyperplasia that underlie many metabolic diseases and poor cardiovascular and renal prognosis. Blockade of RAS can be exerted at multiple levels, via inhibition of renin, ACE, or AT1R signaling [6] [7] [8] [9] [10] [11] [12] . Efficient RAS blockers at all these levels have been developed and are currently in use to block overactivation of RAS and to offer protection from RAS-related metabolic diseases including diabetes [8] [9] [10] [11] [12] [13] . However, evidence of increased adverse effects from randomized clinical trials such as Aliskiren Trial in Type 2 Diabetes Using Cardio-Renal Endpoints (ALTITUDE) using double RAS blockade strongly advises against blocking RAS at multiple levels [14] [15] [16] [17] . Furthermore, the Ongoing Telmisartan Alone and in Combination With Ramipril Global Endpoint Trial (ONTARGET) also demonstrated that dual RAS blockade was not beneficial compared to monotherapy with an ACE inhibitor (ACEi) or an AT1R blocker (ARB) in preventing serious outcomes in patients with known vascular disease or diabetes with end-organ damage [18] [19] [20] . Clinical evidence supporting the association of RAS inactivation to renal diseases and basic research on RAS have begun to unveil the intricate self-regulatory signaling loops that fine-tune RAS activation and the adaptive/protective role of RAS in many tissues [21, 22] . Moreover, given the fact that the AT1R is a G protein-coupled receptor (GPCR) that has pleotropic effects and a multitude of cellular protein partners, the quest is now underway to develop ARBs with functional selectivity such as ␤ -arrestin-biased agonists [23, 24] . This review focuses on the protective physiological roles of RAS and novel strategies to regulate the vasoconstrictive/pro-inflammatory effects of RAS in cardiovascular and renal tissues.
The Changing Image of RAS
The first clinical evidence for a correlation between cardiac hypertrophy and renal disease was reported in 1836 by Richard Bright [ 25 , and references therein]. However, the first insight into the regulation of blood pressure came 61 years later from the discovery of a pressor principle termed 'renin' by Tigerstedt and Bergman. In 1940, Page and Helmer identified a 'renin activator' that later proved to be AGT. Subsequently, the pressor substance was isolated and characterized as the octapeptide Ang II. Following this major discovery, all RAS components that lead to an increase in blood pressure, including AGT, ACE, Ang II, AT1R, and degraded products of Ang II such as Ang-(2-8) (Ang III) and Ang-(3-8) (Ang IV), were isolated and characterized [4, 5, 25] . Meanwhile, the complexity of the RAS signal cascade gradually expanded due to the uncovering of additional biologically active truncated angiotensin peptides such as Ang-(1-9) and Ang-(1-7), receptors such as AT2R, AT3R, AT4R (insulin regulated aminopeptidase), and Mas receptor, and additional enzymes that contribute 1. An integrated model of RAS and resulting physiological and pathophysiological effects. The precursor AGT is cleaved by renin to form the decapeptide Ang I, which is subsequently cleaved by the dipeptidase ACE to form the octapeptide Ang II. AGT may also be cleaved to Ang-(1-12), which is further cleaved to Ang II by the action of chymase. Chymases can also act on Ang I and cleave it to form Ang II. Ang II is the central active component of RAS. Activation of the AT1R by Ang II stimulates vasoconstrictive/pro-inflammatory pathways, whereas that of the AT2R activates the vasodilative/anti-inflammatory branch of RAS. Ang II is further cleaved by ACE2 to Ang-(1-7). ACE2 can also directly cleave Ang I to form Ang-(1-9). Ang-(1-9) is cleaved by ACE to Ang-(1-7). Ang-(1-7) activates the vasodilative/anti-inflammatory branch of RAS via the Mas receptor, a GPCR that activates NO synthase/cGMP signaling. Ang II can also be cleaved to form Ang III and Ang IV by the action of aminopeptidases (aminopeptidases A and N; AP-A and AP-N). Ang III is a preferred ligand for the AT2R. Ang IV binds to the insulinregulated aminopeptidase receptors (IRAP). Direct renin inhibitors (DRIs) that block renin can increase AGT levels, and ACEi that block ACE can increase Ang I levels. In such conditions, local RAS gets activated by the action of chymase and other proteases that generate Ang II.
(AGTR1) highlight the essential role of RAS in normal kidney development [22, 32] . Infants with RTD surviving on dialysis and respiratory assistance show profound life-threatening and refractory hypotension and renal RAS suppression. Studies on 48 unrelated families have uncovered 54 mutations: 11 different mutations in the REN gene were identified in 10 families, 6 different mutations in the AGT gene were identified in 4 unrelated families, 33 different ACE mutations were identified in 31 families (some consanguineous), and 4 different mutations in the AGTR1 gene were identified in 3 families. Thus, ACE mutations were more frequent and observed in two-thirds of the families (64.6%). The severity of the clinical course of RTD in these patients was similar irrespective of the function of the mutated RAS component. These observations underscore the importance of a functional RAS in the maintenance of blood pressure and renal blood flow during the life of a human fetus since nephrogenesis in humans is completed before birth. Moreover, prolonged fetal exposure to RAS blockers is shown to cause a phenotype quite similar to that in autosomal recessive RTD [22] . Conversely, in rats and mice whose nephrogenesis is completed only after birth, inactivation of different components of RAS does not lead to RTD, and the animals show normal embryofetal development [22] . However, lack of functional REN , AGT , ACE , or AGTR1 genes in these animals causes polyuria, and most of them die due to dehydration before weaning [22, [30] [31] [32] [33] [34] .
Recent studies also highlight the requirement for functional RAS to achieve the full therapeutic potential of transplantation of autologous bone marrow cells (BMCs) to treat ischemic diseases [35] . Rapid revascularization is crucial to restore organ functions in conditions of ischemia and injury; however, inducing efficient revascularization remains a major issue in the medical field. Novel treatment strategies that utilize BMC transplantation to induce revascularization are highly promising, and animal studies with endothelial progenitor cells (EPCs) have demonstrated that these cells augment reparative neovascularization either via differentiation into mature endothelial cells or by indirect paracrine stimulation of resident endothelial cell proliferation [36] . Though EPC therapy is shown to successfully restore vascularization after ischemic events in the myocardium, retina, brain, and limbs in experimental studies on healthy animals, clinical studies in patients with cardiovascular disease risk factors and endothelial dysfunction did not show such success. de Resende et al. [35] have shown that, in Dahl salt-sensitive rats (SS/Mcwi), skeletal muscle angiogenesis induced by electrical stimulation is significantly impaired. This effect was independent of their salt intake. Consomic SS-13 BN /Mcwi rats in which RAS dysregulation is corrected by the replacement of chromosome 13 derived from the Brown Norway (BN) rat exhibited normal angiogenesis under similar conditions. Thus, reduced angiogenesis seemed to be a renin-dependent mechanism. Moreover, BMCs isolated from SS-13 BN /Mcwi and SS/Mcwi rats infused with Ang II effectively restored the skeletal muscle angiogenesis in response to electrical stimulus in the SS/Mcwi recipients, whereas BMCs isolated from SS/Mcwi or SS/Mcwi rats infused with saline failed to restore the angiogenic response. These observations underpin the need for a normal functional RAS for achieving a positive response to EPC therapy.
It is well established that RAS activation is an evolutionarily conserved adaptive response in conditions of hypovolemia that helps in maintaining fluid homeostasis and sodium appetite. An Ang II-activated adaptive dipsogenic effect is seen in mammals, birds, reptiles, and bony fish [37] . Signaling by different RAS components is tightly regulated via an inherent balancing act by its vasoconstrictive/pro-inflammatory branch and vasodilative/ anti-inflammatory branches, as discussed below.
The Vasoconstrictive/Pro-Inflammatory Branch
The vasoconstrictive/pro-inflammatory branch of RAS involves the RAS components that contribute to the formation of Ang II and activation of the AT1R that leads to vasoconstriction and inflammatory pathways. However, evidence gathered from clinical trials and basic research strongly suggests that the chronic inhibition of different RAS components (renin, ACE, AT1R) involved in this pathway does not stop new-onset cardiac and kidney diseases and may activate RAS back-up systems such as local chymases or other proteases that contribute to the formation of local Ang II in tissues such as heart and kidney.
Renin
The preprohormone renin synthesized by juxtaglomerular cells of the kidney contains a signal sequence necessary for the translocation of the protein to the endoplasmic reticulum where it is processed into prorenin, an inactive precursor. Enzymatically active renin is formed by the proteolytic removal of a 43-amino-acid prosegment peptide from the N-terminus of prorenin. Release of renin to circulation upon demand by renin-expressing cells of the kidney is controlled by cyclic adenosine monophosphate and by calcium-signaling pathways that are activated by a variety of systemic and local factors. Renin is also locally ex-pressed in many tissues. In mice, the adrenal gland is the primary source of renin during fetal development [38] .
Direct renin inhibitors (for example aliskiren) have been shown to have beneficial effects in the management of hypertension and diabetes, and novel 5-or 7-azaindole derivatives with remarkable potency for renin inhibition have been identified recently [9] [10] [11] 39] . However, according to European Medicines Agency recommendations, aliskiren should not be prescribed to diabetic patients in combination with ACEi or ARBs [40] . The long-term, randomized, placebo-controlled morbidity/mortality trial ALTITUDE, which included 8,600 patients with type 2 diabetes, proteinuria, and a high cardiovascular risk already treated with an ACEi or ARB, was terminated in December 2011 due to an increased incidence of serious adverse events in the aliskiren 300 mg arm [15] [16] [17] 40] . In this context, it is pertinent that chronic suppression of renin does not protect against the profibrotic influence of a chronically elevated urine flow. For example, mice with deletion of Gs ␣ in renin-producing cells (RC/FF mice) have greatly reduced renin production and lack of responsiveness of renin secretion to acute stimuli [41] . Urine osmolality and glomerular filtration rate (GFR) declined progressively in these mice, and expression of collagen I and IV, fibronectin, and ␣ -smooth muscle actin in kidneys increased with age. Moreover, RC/FF mice showed a progressive reduction of body weight, an increase in urine albumin excretion, and an increase of blood pressure with aging. This was accompanied by focal segmental glomerulosclerosis and periglomerular interstitial fibrosis [41] . Thus, a balanced renin function is required for the protection of the renal function. It is conceivable that the increased events of non-fatal stroke, renal complications, hyperkalemia, and hypotension in the aliskiren group of the ALTI-TUDE study simply reflects the additive effects of hypotension and eGFR reduction due to the addition of potent RTD in patients with already well-controlled blood pressure.
AGT
AGT is a 485-amino-acid protein (482 amino acids in mice) synthesized and secreted by hepatocytes, which serves as the parental peptide for all angiotensin peptides in the RAS pathway [42] . Renin cleaves AGT to generate Ang I and des(AngI)-AGT that accounts for more than 95% of the AGT protein sequence and maintains a typical serpin folding. Both AGT and des(AngI)-AGT are suggested to have anti-angiogenic properties. The crystal structure of human AGT suggests that the formation of a Cys18-Cys138 disulphide bridge confers a conformational change that allows access of renin to its cleavage site of AGT, and the oxidative status of AGT influences the rate of AGT-renin reaction [42] . Mice deficient in AGT develop hydronephrosis and dilated cardiomyopathy and have a low neonatal survival rate, highlighting the need of AGT for normal cardiac and renal functions [33] .
ACE
ACEi are highly effective in controlling hypertension and reducing the risk of developing heart failure, left ventricular hypertrophy, insulin resistance, and microalbuminuria in diabetes [12, 13, [18] [19] [20] . Since ACE generates the vasoconstrictor peptide Ang II from Ang I and degrades the vasodilator bradykinin (BK), ACEi treatment improves vasodilatation by reducing Ang II and increasing BK. However, recent evidence shows development of new heart failure in patients chronically treated with ACEi and beta-blockers and new-onset albuminuria in patients receiving an ACEi for years. Xiao et al. [34] demonstrated that ACE null mice show abnormal anatomic findings with thickened arterioles and underdeveloped renal medulla and papilla. These anatomic abnormalities are attributed to the lack of Ang II [34] . Moreover, mutations in the ACE gene were predominant among the mutations in RAS components associated with RTD [22] . Though ACE is the main dipeptidase that cleaves circulating Ang I to generate Ang II, other local dipeptidases such as mast cell chymase can contribute significantly to increase Ang II production locally [28] ( fig. 3 ). Studies using microdialysis probes tethered to the heart of conscious mice have shown that Ang II levels remained high in the left ventricular (LV) interstitial fluid (ISF) during chronic ACEi treatment [28] . This was due to an ACEi-induced and BK/B2 receptor-mediated increase in LV ISF chymase activity, and this effect was absent in mast cell-deficient KitW/KitW-v mice [28] . Similarly, in the diabetic kidney of db/db mice, ACEi was not effective in inhibiting the intrarenally formed Ang II from the substrate Ang I and resultant potent afferent arteriole vasoconstriction [43] . However, in the normal kidney, afferent arteriolar vasoconstriction to intrarenally formed Ang II was attenuated by ACEi treatment. Interestingly, the serine protease inhibitor could suppress intrarenal Ang II production in db/db mice, emphasizing the importance of ACE-independent pathways of Ang II production in the kidney [43] . While these observations underscore the need for novel drugs such as chymase inhibitors to treat cardiorenal disease progression, they also unveil the complex back-up signaling pathways of RAS to maintain local Ang II production in cardiorenal tissues in conditions of ACE inhibition (for example, the ACEi-induced and BK/B2 receptor-mediated increase in LV ISF chymase activity).
AT1R
The AT1R is an evolutionarily conserved GPCR composed of 359 amino acids that can activate several signaling networks that are either G protein dependent or independent [23, 44] . The human AT1R gene (AGTR1) is present on chromosome 3. The receptor is the product of a single gene that contains five exons. ARB treatment is highly efficient in regulating blood pressure and ameliorating cardiovascular and renal diseases and insulin resistance [4, 8, 9, 11] . However, a recent analysis of data from 85 clinical trials (21,708 patients) indicated that there is no significant reduction in the risk of all-cause mortality or fatal cardiac-cerebrovascular outcomes with ARB treatment alone or in combination with ACEi [45] . Moreover, the existing dogma that the AT1R is a major contributor to the RAS-induced vascular pathology has been partially challenged recently by the results of studies on mice with cell-specific deletion of AT1R in vascular smooth muscle cells (VSMCs). The SM22 ␣ -Cre
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flox/flox (SMKO) mice used in this study had their AT1aR deleted from VSMCs in larger vessels, but not from resistance vessels [46] . Therefore, Ang II infusion for 4 weeks could induce hypertension in SMKO mice and control mice to a similar extent. However, lack of the AT1aR in SMKO mice protected them from vascular oxidative stress. Nevertheless, the SMKO mice developed Ang II-induced vascular remodeling (aortic medial expansion) similar to control mice, indicating that the AT1aR-induced oxidative stress is not central to Ang II-induced vascular remodeling [46] .
It is also conceivable that chronic AT1R inhibition would dysregulate the mechanism of urine concentration and thus contributes to progression of renal diseases. In mice lacking AT1aR in the collecting duct (CD-KO mice), kidneys were structurally normal, and urine osmolalities and urine volumes were similar to those in control mice [47] . However, in conditions of water deprivation or vasopressin administration, normal response of an increase in urine osmolality was attenuated in CD-KO mice, indicating that AT1aR regulates this renal function via an aquaporin-mediated mechanism [47] . These studies have begun to provide an explanation for why cardiorenal diseases progress in some populations in spite of RAS suppression by ACEi or ARB treatments.
The aforementioned observations highlight the need for developing efficient, functionally selective ARBs that can precisely target desired AT1R effects and inhibit AT1R-mediated inflammatory signaling. Recent studies have identified a novel, potent ␤ -arrestin-biased agonist of the AT1R, TRV120027 [48] . This new ARB is shown to block AT1R-mediated G protein signaling and inhibit Ang II-mediated vasoconstriction and, simultaneously, activate ␤ -arrestin and improve cardiomyocyte contractility. Studies on heart failure in canines have shown that acute treatment with TRV120027 could decrease mean arterial pressure, pulmonary capillary wedge pressure, right atrial pressure as well as systemic and renal vascular resistances and improve cardiac output and renal blood flow [48] . These unique properties of TRV120027 indicate that, in in vivo conditions, it serves as an antagonist, analogous to ARBs, when tested for G protein coupling, p38 mitogen-activated protein kinase (MAPK) activation, and effects on blood pressure. However, it serves as an agonist when assessed for efficacy in recruiting ␤ -arrestins to the AT1R, receptor internalization, ␤ -arrestin-mediated signals, and cardiomyocyte contractility. Thus, a ␤ -arrestin-biased AT1R agonist holds new hope for a better treatment of acute heart failure patients.
Ang II and Its Derivatives: The Paradigm Shift and the Vasodilative/Anti-Inflammatory Branch
The concept that Ang II is the principal effector peptide of RAS and its primary role is to serve as a pressor molecule that regulates vascular tone is currently undergoing a re-evaluation with the unveiling of new roles for its degraded products. The octapeptide Ang II is converted to des-aspartyl1-Ang II (Ang III) by aminopeptidase A and further metabolized to angiotensin IV by aminopeptidase N. Ang III has now emerged as the predominant activator of the AT2R in the proximal tubule and significant contributor to AT2R-mediated natriuresis [49] . Ang III infusion in the presence of the aminopeptidase N inhibitor is shown to increase urine sodium excretion, fractional sodium, and lithium excretion, whereas Ang II infusion did not exhibit this effect. Our studies indicate that Ang III also activates endogenous chloride channels and induces germinal vesicle breakdown in oocytes [50] . Thus, Ang III has a crucial biological role in RAS-mediated physiological end points.
Though Ang II exerts vasoconstriction when it activates the AT1R, it also has a depressor role when it acts through the AT2R and induces vasodilation via kinin-/nitric oxide (NO)-dependent mechanisms. Ang-(1-7) generated from Ang II by the action of the ACE homologue ACE2 is another metabolite of Ang II that contributed significantly to the paradigm shift regarding the cardiorenal protective role of RAS. Indeed, unveiling of the AT2R/ ACE2/Ang-(1-7)/Mas receptor axis of RAS [5] that exerts the vasoprotective and anti-inflammatory actions of RAS highlights the dual role of RAS in maintaining blood pressure and homeostasis ( fig. 2 ).
AT2R
The AT2R is also a GPCR that shares only 34% sequence identity with the AT1R and forms heterodimers with the AT1R [51] . The human AGTR2 gene that codes for the AT2R is located on the X-chromosome and consists of three exons with an uninterrupted coding region that codes a 363-amino-acid receptor in the third exon. Sequence comparisons reveal a high level of homology with a 99% sequence identity between rat and mouse and a 79% sequence identity between rat and human. The divergence between the rodent and the human sequence lies in the amino terminus. Even though the AT2R belongs to the GPCR family of proteins, its signaling mechanisms are atypical and remain elusive. Activated AT2R induces a vasodilator cascade of BK/NO/cyclic guanosine monophosphate (cGMP), stimulates various protein phosphatases (SHP1, MKP1, and PP2A), and inhibits cell growth. We have shown that the AT2R exerts antagonistic effects on AT1R signaling, and this effect is mediated via the third intracellular loop of the AT2R [52] . We have also shown that the AT2R interacts with the ErbB family receptors and Na + /H + exchanger NHE6 via its third intracellular loop and C-terminal cytoplasmic domain [52, 53] . The AT2R also interacts with a family of AT2R-interacting proteins involved in neuronal differentiation, vascular remodeling, and tumor suppression via its C-terminal domain [54] . Chronic ARB treatment can result in redirecting Ang II to the AT2R that is usually co-expressed with the AT1R in cardiovascular tissues, increased AT2R activation, and enhanced AT1R-AT2R cross talk ( fig. 2 ) . Indeed, in AT2R knock-out mice, valsartan failed to attenuate acute-phase post-infarction remodeling, suggesting that the AT2R is required for the cardioprotective effects of ARBs. Cardiovascular protective effects of the AT2R are highlighted by the fact that moderate cardiac-specific AT2R overexpression protects the heart from ischemic injury [55] . The AT2R agonist compound 21 is shown to attenuate vascular injury and myocardial fibrosis in stroke-prone spontaneously hypertensive rats [56] . Since pro-inflammatory signaling by the AT1R is usually activated in these conditions, it is conceivable that cross talk between the AT1R and the AT2R that can lead to inhibition of pro-inflammatory signaling by the AT1R in cardiovascular and renal tissues is part of the intricate self-regulatory signaling network activated by RAS.
The ACE2/Ang-(1-7)/Mas Axis
The monocarboxypeptidase ACE2 that cleaves the Pro7-Phe8 bond of Ang II to form Ang-(1-7) emerged as an important component of the vasodilative/anti-inflammatory arm of RAS for the following reasons: (a) ACE2 gene deletion is accompanied by severe cardiac contractility defects; (b) ACE2 overexpression reverses cardiac hypertrophy and progression of atherosclerosis, and (c) ACE2 inhibitors worsen renovascular hypertension [4, 5, 57] . The heptapeptide Ang-(1-7) was originally discovered as a vasopressin-releasing molecule. Now it has emerged as a natural antagonist of Ang II and a first-in-class anti-angiogenic drug in clinical trials for cancer treatment. Ang-(1-7) acts through the Mas receptor and promotes vasodilatation as well as anti-hypertrophic, anti-fibrotic, and anti-proliferative effects. Indeed, lentivirus-mediated overexpression of Ang-(1-7) and ACE2 could improve cardiac functions, attenuate ischemia-induced cardiac pathology, and ameliorate lung fibrosis and pulmonary hypertension [57] . Ang-(1-7) binds to the Mas proto-oncogene which is a GPCR and activates the NO/cGMP pathway via the phosphatidylinositol 3 -kinase-protein kinase B (Akt) pathway leading to endothelial NO synthase activation and NO generation . Indeed, the NO-releasing properties of Ang-(1-7) were abolished in cardiomyocytes from Mas-deficient mice. Moreover, Ang-(1-7) inhibits agonist-stimulated activation of kinases involved in cardiac remodeling like MAPK activation and ERK1/2 in heart [4, 5] .
RAS Activation in MetS
RAS activation also occurs in conditions of overnutrition/obesity and is associated with hyperinsulinemia. In the Zucker obese (fa/fa) rat, an animal model that exhibits the traits of MetS and cardiac contractile dysfunction, RAS is activated. Interestingly, these hyperinsulinemic rats have about 10 times higher plasma insulin concentrations compared to their lean controls. It is known that the presence of insulin or IGF-1 stimulates the expression of AT2R in VSMCs in serum-free conditions, and an insulin response sequence is located at -126 to -117 of the 5 -flanking region of the rat AT2R gene [58, 59] . Studies on Zucker obese rat aortas showed that these tissues exhibit increased expression of AT2R mRNA compared to those from age-matched lean rats [58] . Since AT2R activation promotes vasodilation, such upregulation of the vascular AT2R in hyperinsulinemic conditions may serve as an adaptive mechanism that counteracts AT1R-induced vasoconstriction.
Recent reports suggest that Ang II-induced AT1R activation results in suppression of food intake, and mice lacking AT1R exhibit hyperphagia and obesity [60] . One of the mechanisms induced by AT1R activation in the hypothalamus is the upregulation of anorexigenic corticotropin-releasing hormone (Crh) gene expression that results in suppression of food intake. It is also reported that Ang II downregulates expression of orexigenic neuropeptide Y and orexin in the hypothalamus [60] . In conditions of chronic RAS activation, Ang IIinduced suppression of food intake can contribute to significant loss of appetite that can underlie cachexia, muscle atrophy, fatigue, and weakness. Conversely, it is conceivable that in conditions of overnutrition and overweight, adaptive RAS activation may be a natural response to regulate food intake.
Resistant Hypertension
Data from the National Health and Nutrition Examination Survey from 2003 through 2008 indicate that, among US adults with hypertension, 8.9% deal with a condition termed resistant hypertension. Resistant hypertension is defined as hypertension that cannot be controlled by antihypertensive medications from three different drug classes. The majority of the individuals who suffer from resistant hypertension include elderly, non-Hispanic blacks, and those with higher body mass index. The comorbidities include albuminuria, renal dysfunction, coronary heart disease, heart failure, stroke, and diabetes mellitus. The recent Addition of Spironolactone in Patients With Resistant Arterial Hypertension (ASPI-RANT) clinical trial administrated 25 mg spironolactone, an anti-mineralocorticoid agent that inhibits aldosterone, to patients whose blood pressure was not controlled by three anti-hypertensive drugs, including a diuretic. Analysis of 111 patients indicated that spironolactone significantly decreased systolic blood pressure, though its effect was not prominent on respective diastolic blood pressure [61] . These studies suggest that spironolactone may be an effective alternative to treat elevated systolic blood pressure in patients with resistant hypertension.
Conclusion
The standard of care to treat the vasoconstrictive/pro-inflammatory effects of RAS activation involves chronic RAS inhibition using direct renin inhibitors, ACEi, or ARBs, either alone or in combination. However, data merging from randomized clinical trials and basic research indicate that, although these treatments are very effective in controlling the progression of existing disease, they are not as effective in preventing new-onset cardiac and renal diseases. Moreover, inhibiting RAS at multiple levels increases unwanted detrimental effects since novel physiological roles for renin, ACE, and AT1R are currently emerging. In this scenario, selectively inhibiting AT1R-mediated inflammatory pathways with appropriate, biased agonists such as TRV120027 that would regulate blood pressure and improve cardiomyocyte contractility offers new hope for RAS treatment. Furthermore, since RAS activation also leads to activation of the vasodilative/anti-inflammatory branch of RAS, an alternative approach to modulate RAS has begun to emerge that utilizes novel agonists of the AT2R and formulations of recombinant Ang-(1-7).
